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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a chip varister which can prevent 
the surface of its body from being plated by electroplating even in the 
absence of such an insulating protective layer as a glass coated layer and 
thus which can be resistive to soldering and have a good solderability and 
be high in reliability at low cost. 

SOLUTION: In measurement results of the chip varistor by a secondary 
ion mass spectroscopy(SIMS), assuming that Ml denotes a concentration 
of metal Li or Na ions contained in the vicinity of a surface of a varistor 
body 1 and M2 denotes a concentration of the metal Li or Na ions 
contained at positions deeper than the surface thereof, then a metal ion 
concentration ratio (M1/M2) is set to satisfy a relation of 10<(M1/M2) 
<50000. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused hy the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the laminating type chip varistor which carried out the laminating of a zinc-oxide system varistor material 
layer and the electrode-material layer by turns The measurement result by the secondary ion mass spectrometry (SIMS) 
sets to Ml ion concentration of the metal Li contained near the front face of a chip-varistor element assembly, or Metal 
Na. The laminating type chip varistor to which this metal ion ratio of concentration (M1/M2) is characterized by being 
10 <==(M1/M2) <50000 when ion concentration of the metal Li contained in a position (from a front face to a depth of 
10 micrometers) deeper than this or Metal Na is set to M2. 

[Claim 2] In the manufacture method of the laminating type chip varistor which carried out the laminating of a zinc- 
oxide system varistor material layer and the electrode-material layer by turns Calcinate a laminating tj^e chip-varistor 
element assembly, apply an edge electrode, and after being printed, by putting the powder of a lithium carbonate or a 
sodium carbonate into the interior of sealing keeping an interval in both aforementioned element assemblies 

suitably, and holding and heating the aforementioned element assembly The manufacture method of the laminating 
type chip varistor according to claim 1 characterized by heat-treating in Li atmosphere or Na atmosphere. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About the laminating type chip varistor which used zinc-oxide system 
material, and its manufacture method, this invention raises the insulation of a chip element assembly front face in 
detail, and relates to obtaining the laminating type chip varistor which gave electroplating to the edge electrode, 
without preparing a protective layer. 
[0002] 

[Description of the Prior Art] Generally, in order that a varistor may protect the semiconductor parts used for the 
control circuit of various electronic equipment from the unusual high voltage (surge), it is known well that it is 
indispensable. Since voltage nonlinearity and surge absorptance are excellent, the varistor which makes a zinc oxide 
(ZnO) a principal component especially is used for many electronic equipment. Such a varistor is indicated by JP,7- 
320908,A and JP,7-335410,A. 

[0003] Moreover, recently, the demand of the miniaturization of a varistor and chip-izing has been increasing with the 
miniaturization of electronic equipment. There is a veneer type and laminating type type thing as such a thing, and 
soldering fixed connection is made to be carried out to a printed circuit board etc. The varistor laminating type [ in 
this ] is indicated by JP,5-283209,A. 

[0004] Drawing 5 shows this conventional kind of laminating type chip varistor, and the (a) perspective diagram and 
the (b) cross section are illustrated. Here, in 9, an intemal electrode and 1 1 express the edge electrode and, as for 12, a 
varistor element assembly and 10 express the insulating protective layer, respectively. Generally, although such chip 
die parts solder to a printed circuit board etc. and carry out fixed connection to it, the edge electrode is consumed by 
solder and a faulty connection etc. may occur. As this cure, the electroplating film which has thermal resistance, for 
example, nickel plating film, is given, and the thing of the electrode structure which formed good Sn plating film of 
soldering nature etc. on it fiirther is produced commercially (illustration of a plating membrane structure is omitted). 
However, in the case of the varistor which makes a zinc oxide a principal component, when resistance of a chip 
element assembly front face (zinc-oxide particle) plates to the edge electrode 1 1 as mentioned above low (specific 
resistance 1.4x100 ohm-cm) at a sake, the difference [ electrode / Ag ground / (specific resistance 1.62x10-6 ohm-cm) / 
a chip element assembly front face and ] of resistance will be small, and will be plated besides edge electrode 1 1 . 
When the worst, there was a problem that a short circuit state would be produced among both edge electrodes 1 1 . 
Then, in order to prevent such a situation, the insulating protective layers 12, such as a glass coat, are formed in the 
chip front face. 

[0005] Next, according to drawing 6 , the conventional manufacturing process of a laminating type chip varistor is 
explained. First, the laminating of a varistor material layer and the internal-electrode material layer is carried out by 
tums, and a green sheet is produced so that an intemal electrode 10 may be alternately exposed to both ends every 
other layer by print processes, the sheet method, etc. (process a). Next, this green sheet is cut to an item. Thereby, 
plurality **** of a chip becomes possible (process b). Furthermore, a green chip is calcinated after taking the barricade 
made at the last process (cutting) by performing barrel finishing for each [ these ] chip (process c) (process d). Next, in 
order to form the insulating protective layer 12, printing and dryness of a glass coat were repeated for every field to 
four fields of the vertical side of a calcinated chip, and a both-sides side (processes i, j, k, and 1), and it heat-treated on 
this glass coat from ** (process m). It continues to this, and after applying Ag ground electrode as an edge electrode 1 1 
to the edge of a chip (process e') and baking and (process f ) making it it, nickel plating film and a Sn/Pb plating film 
are given by electroplating (process h*). A laminating type chip varistor is completed by passing through all of these 
processes. 
[0006] 
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[Problem(s) to be Solved by the Invention] However, by the above-mentioned manufacture method, since it carried out 
to four fields of a varistor element assembly by having repeated the process of printing and dryness of the glass coat as 
an insulating protective layer 12 of a predetermined configuration and printing of glass etc. was given, the number of 
processes increased, and because of hot heat treatment accompanying printing of glass etc., the yield on manufacture 
was bad and was not able to offer a quality product by the low cost. 

[0007] Then, even if solution of the above technical problems is benefited for this invention and it loses the glass coat 
as an insulating protective layer 12, plating is not attached to the element assembly front face of a varistor by 
electroplating, and solder thermal resistance and soldering nature are good, and aim at offering a highly reliable 
laminating type chip varistor by the low cost further. 
[0008] 

[Means for Solving the Problem] Since the laminating type chip varistor conceming this invention makes Metal Li or 
Metal Na contain near the front face of a varistor element assembly, it diffuses these toward the interior of a surface 
shell of a laminating type varistor. When the measurement result by the secondary ion mass spectrometry (SIMS) sets 
to M2 metal ion concentration contained in a depth of 10 micrometers from Ml and a front face in the metal ion 
concentration contained near the front face, it is made to be set to 10 <=(M1/M2) <50000 although a content naturally 
decreases toward the interior near the front face. Thereby, even if it loses a glass coat, plating is not attached to the 
element assembly front face of a chip varistor by electroplating, and solder thermal resistance and soldering nature are 
good, and can obtain a reliable laminating type chip varistor by the low cost. 

[0009] Moreover, by calcinating a laminating type chip-varistor element assembly, putting die powder of a lithixmi 
carbonate or a sodium carbonate into the interior of sealing ******, keeping an interval suitably, and holding and 
heating the aforementioned element assembly, after applying and printing an edge electrode, the manufacture method 
of the laminating type chip varistor conceming this invention heat-treats in Li atmosphere or Na atmosphere, and is the 
manufacture method of the laminating type chip varistors above as a result. 
[0010] 

[Embodiments of the Invention] Drawing 1 is the (a) perspective diagram and the (b) cross section showing the 
laminating type chip varistor in this invention. For 1, as for an intemal electrode and 3, a varistor element assembly and 
2 are [ an edge electrode and 4 ] metal-diffusion layers. Drawing 2 shows the relation between the ** type view of (a) 
zinc-oxide particle in the varistor surface portion in this invention, the distance (depth) from the (b) front face, and 
metal ion concentration. Drawin g 3 and drawin g 4 show the metal-diffusion process in this invention. 
[001 1] About the edge electrode 3 conceming this invention, the electroplating film which has thermal resistance in Ag 
ground electrode like the above-mentioned conventional technology, for example, nickel plating film, is given, and the 
good Sn/Pb plating film of soldering nature etc. is further given on it (illustration of a plating membrane structxzre is 
omitted). 

[0012] Here, reference of drawing 1 and drawing 2 forms the metal-diffusion layer 4 so that four fields of the varistor 
element assembly 1 may be surroimded. This metal-diffusion layer 4 is the portion which made the zinc-oxide particle 
5 diffuse a metal inside a varistor from a varistor front face with heat treatment. A thing comparatively light as a metal 
is good, and Metal Li or Metal Na is desirable. When the measurement result by the secondary ion mass spectrometry 
(SIMS) sets to M2 ion concentration of the metal Li contained in a depth of 10 micrometers from Ml and a front face 
in the ion concentration of the metal Li contained near the front face of the varistor element assembly 1, or Metal Na, 
or Metal Na, it is made for this metal ion ratio of concentration (M1/M2) to be set to 10 <=(M1/M2) <50000. 
[0013] A secondary ion mass spectrometry (SIMS) is explained briefly here. SIMS is the method of measuring the 
depth direction concentration profile from a surface layer by high sensitivity to mum order. If the ion beam of a high 
energy (several keV- 20 keV) is made to irradiate a solid-state front face, a sample composition atom will be emitted 
by the spatter phenomenon as a neutral atom or ion. Thus, it is the method of dividing into the ratio of mass and a 
charge tiie ion emitted secondarily with a mass spectrometer, and performing elemental analysis on the front face of a 
sample, and compound analysis. 

[0014] When not reaching to an intemal electrode 2 desirably and actually measures Metal Li or Metal Na diffused in 
the varistor element assembly 1 interior by SIMS, it becomes fixed [ diffusion metal ion intensity ] in a place deep 10 
micrometers or more. That is, diffusion was considered to have not carried out and made a depth of 10 micrometers the 
central value of the intemal amount of metals. 

[0015] Metal Li or Metal Na spreads and goes into the zinc-oxide particle 5, and it is in the state where Metal Li or 
Metal Na dissolved during the zinc-oxide crystal near the front face. Since tiie effect (specific resistance 105-107 
ohm-cm order) of increasing the resistance of the zinc-oxide particle 5 by making the ratio (M1/M2) of metal ion 
concentration or more into ten is acquired, the zinc-oxide particle near the varistor front face will be in an insulator 
state seemingly, current stops flowing from a varistor front face at the time of electroplating, plating stops arriving at 
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the front face of a chip-varistor element assembly, and poor appearance is lost. For this reason, there is no need of 
preparing a glass coat. Moreover, if the metal ion ratio of concentration (M1/M2) is made or more into 50000, a surge 
absorption function will fall and a varistor property will not be acquired. 

[0016] Next, according to drawi ng 3 and drawin g 4 , the manufacturing process of the laminating type chip varistor 
concerning this invention is explained. First, by print processes, the sheet method, etc., as an intemal electrode 2 is 
alternately exposed to both ends every other layer, the laminating of a zinc-oxide system varistor material layer and the 
intemal-electrode material layer is carried out by tums, and a green sheet is produced (process a). As a material of a 
zinc-oxide system, ZnO can be made into a principal component, for example, and the material which added rare earth, 
CoO, =b group (B, aluminum, Ga, In), Si and Cr, =a group (K, Rb, Cs), =a group (Mg, calcium, Sr, Ba), etc. as an 
accessory constituent can be mentioned. Moreover, as an intemal-electrode material, Ag-Pd, Ag, etc. can be 
mentioned, for example. Next, this green sheet is cut to an item. Thereby, plurality **** of a chip becomes possible 
(process b). Furthermore, after taking the barricade which performed barrel finishing for each [ these ] chip, and was 
made by cutting (process c), a green chip is calcinated (process d), an edge electrode is applied and bumed, and Ag 
ground electrode is formed (processes e and f). Here, although Ag was chosen as a groxmd electrode material, the 
seizure over the varistor element assembly 1 is good, connection with intemal-electrode material is good, and if it is the 
material to which plating tends to be attached like a consecutive galvanizer, material can be chosen suitably. 
[0017] At the formation process of the metal-diffusion layer 4 following this, into bowl 6a to which only a proper 
amount will cover with and cook the powder and granular object of the source 8 of a metal diffusion, an interval is 
suitably set for the varistor element assembly 1 , and it lays on a network 7 etc., and seals and heat-treats by cover 6b 
(process g). It is easy to carry out thermal diffusion here as a source 8 of a metal diffusion, and although comparatively 
light things, such as Metal Li or Metal Na, are good as the material containing the easy metal of handling, and a metal, 
other alkali metal may be included. For example, a lithium carbonate (Li2C03), a sodium carbonate (Na2C03), etc. 
are effective. 

[0018] Electroplating is made to generate nickel plating film and a Sn/Pb plating film finally (process h). A laminating 
type chip varistor is completed through all of these processes. 

[0019] It may replace with making edge electrode printing (process f) and metal-diffixsion heat treatment (process g) 
into a separate process as mentioned above, and heat treatment of edge electrode printing and heat treatment of a metal 
diffusion may be performed simultaneously. Thereby, the heat burden conceming a varistor element assembly can be 
managed at once, and becomes advantageous in respect of the heat history. Not only it but a manufacturing process 
decreases, and a manufacturing cost can be lowered. 

[0020] Moreover, about the diffusion method of the metal mentioned above, heat treatment temperature may be 
controlled, the amount of the source of length metallurgy group diffusion of heat treatment time etc. may be controlled, 
and these control may be combined arbitrarily. 
[0021] 

[Example] Next, an example explains this invention to a detail further. 

[0022] (Example 1) According to above-mentioned drawing 3 and above-mentioned drawing 4 , the laminating of a 
zinc-oxide system varistor material layer and the intemal-electrode material layer was carried out by tums, the green 
sheet was produced, each process of cutting, barrel finishing, baking, the application of an edge electrode, and printing 
was carried out, and the laminating type chip-varistor element assembly 1 equipped with Ag ground electrode was 
prepared. 

[0023] this - then, in the process which forms the metal-diffusion layer 4, the interval was suitably set in sealing 
****** 6a and 6b which covered with lithium-carbonate (Li2C03) powder 1x10-4 mol/cm3 as a source 8 of a metal 
diffusion, the varistor element assembly 1 was laid on the network 7, and heat treatment was performed for this at 700 
degrees C for 1 hour 

[0024] Finally, in the acid nickel plating cistern, in 2-5-micrometer nickel plating film of ** and an acid Sn/Pb plating 
cistem, the Sn/Pb plating film of 3-5-micrometer ** was made to generate, and the expected laminating type chip 
varistor was completed. 

[0025] A metal Li ion concentration ratio (M1/M2) measures and obtains the metal Li ion concentration M2 in a depth 
of 10 micrometers firom the metal Li ion concentration [ near the fi'ont face of the varistor element assembly 1 ] Ml, 
and a front face using a secondary ion mass spectrometry (SIMS). 

[0026] When not reaching to an intemal electrode 2 desirably and actually measured by SIMS, since diffusion metal 
ion intensity becomes fixed and it was not spread [ got blocked the metal Li diffused in the varistor element assembly 1 
interior and ], it made a deptii of 10 micrometers the central value of the intemal amount of metals in the place deep 10 
micrometers or more. 

[0027] Moreover, the judgment of an exterior quality judged as poor what was plated by portions other than edge 
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electrode 3 (varistor element assembly front face). This judgment is an item required in order to maintain the reliability 
of a final product. 

[0028] Furthermore, the judgment of the quality on a property judged as poor that from which voltage at reference 
current changed 10% or more, after impressing the standard impulse current of 250A and 8/20microsec once. 
[0029] In this way, when the metal ion concentration of the metal Li of the obtained varistor was measured, 10 was 
obtained as a value of the ratio (M1/M2). Since the effect (specific resistance 1 .27x105 ohm-cm) of increasing the 
resistance of the zinc-oxide particle 5 near [ at this time ] the front face was acquired, even if it lost the glass coat, the 
poor appearance of the chip varistor by electroplating was lost, and it was fiiUy demonstrated, without the property of 
varistor original also deteriorating. 

[0030] (Example 2) They are these conditions except [ all ] having changed heat treatment temperature among the 
experiment conditions of the aforementioned example 1, and having experimented as 800 degrees C, 900 degrees C, 
930 degrees C, 1000 degrees C, 1070 degrees C, and 1090 degrees C. 

[0031] According to the above-mentioned heat treatment conditions, the metal ion ratio of concentration (M1/M2) of 
Metal Li was set to 50, 500, 1000, 5000, 30000, and 49000, respectively. 

[0032] The effect (2.46x105 or more ohm-cm of specific resistance) of fully increasing the resistance of the zinc-oxide 
particle 5 near the front face also by these was acquired. Moreover, it is the same as that of the case of the 
aforementioned example 1 that there is no poor appearance of the chip varistor in electroplating, and the property of 
varistor original is fully demonstrated. 

[0033] (Example 3) They are these conditions except [ all ] having changed the source 8 of a metal diffusion with 
sodium-carbonate (Na2C03) powder from lithium-carbonate (Li2C03) powder among the experiment conditions of 
the aforementioned example 1 and an example 2. 

[0034] In this way, ten or more were the metal ion ratio of concentration (M1/M2) of the metal Na of the obtained 
varistor. Since the effect (1 .04x105 or more ohm-cm of specific resistance) of increasing the resistance of the zinc- 
oxide particle 5 near the front face like the time of difftising Metal Li also at this time was acquired, even if it loses a 
glass coat, the poor appearance of the chip varistor by electroplating is lost, and the property of varistor original is also 
fully demonstrated. 

[0035] (Example 1 of comparison) 1090 degrees C or more 700 degrees C or less are [ all of 500 degrees C, 600 
degrees C, and except for having specifically considered as 1 100 degrees C ] specifically these conditions about heat 
treatment temperature among the experiment conditions of the aforementioned example 1 and an example 2. 
[0036] In such heat treatment temperature, at the time of 500 degrees C and 600 degrees C, the metal ion ratio of 
concentration (M1/M2) of Metal Li was set to 1 and 5, and it was less than ten. At this time, the resistance of the zinc- 
oxide particle 5 near the front face could not fiiUy be increased (less than 104 ohm-cm of specific resistance), and the 
appearance percent defective of the chip varistor in electroplating became 60% and 40%. However, there was no 
influence in the property of original of a varistor. Moreover, when heat treatment temperature was 1 100 degrees C, the 
metal ion ratio of concentration (M1/M2) of Metal Li amounted to 50000. Since the resistance of the zinc-oxide 
particle 5 near the front face was fully increased at this time, although there was no poor appearance of the chip 
varistor in electroplating, the voltage at reference current when impressing the standard impulse current descended, and 
the property of varistor original was not demonstrated. 

[0037] (Example 2 of comparison) They are these conditions except [ all ] having changed the source 8 of a metal 
diffusion with sodium-carbonate (Na2C03) powder from lithium-carbonate (Li2C03) powder among the experiment 
conditions of the aforementioned example 1 of comparison. 

[0038] In such heat treatment temperature, at the time of 500 degrees C and 600 degrees C, the metal ion ratio of 
concentration (M1/M2) of Metal Na was set to 1 and 5, and it was less than ten. At this time, the resistance of the zinc- 
oxide particle 5 near the front face could not fully be increased, and it became 60% of appearance percent defectives of 
the chip varistor in electroplating, and 45%. However, there was no influence in the property of original of a varistor. 
Moreover, when heat treatment temperature was 1 100 degrees C, the metal ion ratio of concentration (M1/M2) of 
Metal Na amounted to 50000. Since the resistance of the zinc-oxide particle 5 near the front face was fully increased at 
this time, although there was no poor appearance of the chip varistor in electroplating, the property of original of a 
varistor was not demonstrated. 

[0039] What summarized the result of the above experiment is shown in Table 1 . 

[0040] 

[Table 1] 
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[0041] Since the effect of increasing the resistance of the zinc-oxide particle 5 near the front face by making the metal 
ion ratio of concentration (M1/M2) of Metal Li or Metal Na or more into ten is acquired, even if it loses a glass coat, 
the poor appearance of the chip varistor by electroplating is lost, and the property of original of a varistor is also fully 
demonstrated. 

[0042] Not only the yield is bad, but on the other hand, the appearance percent defective of the chip varistor according 
that the ratio of the aforementioned metal ion concentration is less than ten to electroplating becomes 40% or more, 
and it cannot perform reservation of reliability. Moreover, as for the poor appearance of the chip varistor according that 
the ratio of metal ion concentration is 50000 or more to electroplating, it turns out that varistor material composition of 
what is lost will change, a surge absorption function falls, and tiie property of original of a varistor is not acquired. 
[0043] From this result, the ratio (M1/M2) of the aforementioned metal ion concentration was understood that it is 
desirable to set up so that it may be set to 10 <=(M1/M2) <50000 based on the measurement result by the secondary 
ion mass spectrometry (SIMS). 
[0044] 

[Effect of the Invention] The laminating type chip varistor concerning this invention can increase the resistance of a 
zinc-oxide particle [ near the front face of the chip-varistor element assembly concerned ] by diffusing Metal Li or 
Metal Na inside a zinc-oxide particle from the front-face side of a chip-varistor element assembly, and the zinc-oxide 
particle near the varistor front face will be in an insulator state seemingly so that I may be understood from the above 
thing. For this reason, when carrying out necessary electroplating, current stops flowing, plating stops arriving at the 
front face of a chip-varistor element assembly, and generating with poor appearance disappears from a varistor front 
face. For this reason, the need of making protective layers, such as a glass coat, forming in the front face of a chip- 
varistor element assembly is lost, the manufacturing process is simplified, and a laminating type chip varistor can be 
offered by the low cost. In addition, the yield of a final product becomes good and can make it a hi^ly reliable thing. 



[Translation done.] 
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[Drawing 1] 
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[Drawing 2] 
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[Drawinp 4] 
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[Drawing 5 ] 
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[Drawing 6] 
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-fn U X C t fcMt" -5. 

[0 0 0 2] 

[fie*ofi^ii5] -«s(c/'(ux3^«, #a«^tSi§o*j» 

e.ffiSf -5 fcfe fc:^-SI^>:/i CD t o T S d i: «^ < 

aie-nxvi-So ^-^%m\Lmm (zno) ^^^g^i-t-r 

^^cCA'UX^a, ^JA«#gS¥7 - 3 2 0 9 0 8^^^ 
"^mmW-T - 3 3 5 4 1 O^^s^tP^S^^tlTV^^. 
[0 0 0 3] ^fc. Sifi-C««^t8I^CD/h^<t(r#VV\' 

>J X iS' ©/hS^t , ^ V :/SI?i5&'ft:coS**iiS S o T ex 

^.fc^tcsn-g). cro4'cD«)l^rc>/N*'JXi5'««aj;^«!^ 

^^5 - 2 8 3 2 0 9-^-i5r^lCW5^$tlT0i-&, 

[0 0 0 4] US C ©acofSilM^ >y U X 

^<£5^-rfc<DT$.iO. (a) #4«Eli: (b) »f®0<h*^ 
««J^$nTVi-i>, dClT. 9ttAUX:J'^#:, 1 0 tif'^ 

mw&. i 2«<«iit«ftSJB*^n-en 



(2) !WpM¥9 - 2 4 6 0 1 7 

2 

#ltttcD S n ^ 4^JK^^?g^ L^c«ll«jS(D (D 

S) . L;0^b:^j;*^^,. i!^tM«JSr^fig^J-tt-'5/N*U Xi5' 
^■>^*ft:«ia (m^tMSifeT) ®igiii*^'fi< 
(JtJStal. 4 X 1 0°Q • cm) ifeiilc, ttiai^cfcp 
\zmnM. \ 1 

A gTJffi«ffi (Itffitn: 1 . 6 2 X 1 0-«Q • c m) h<n 

10 jsstoMA^/jN^<. sgSRUffii m^i-tfc^ -v^^nx 

M^t^iSSPMl iWXSi^ttffi 
^^useiifc/^istLi^raffl^iifet)^. -€-c:x, ciw 

[0 0 0 5] :;^:tt. 0 6^c^^^i, mmm.'j- v ^ n^) 

SlcaSLXi'U->x-hS:f^©f ^ (XSa) , ^M. 
-y:/0«^fi®'3*^-5ItEt7i^ (Xgb) „ Mlccn^. 

>7 f\zn u)vmm ^nuoz.t\z^z> xMxg 

Bf) XX^fcAU^Btofc (XSc) ;yu->g^-y 

zf^m^-r^ (xsd) . ;^c{r«e«t«^)i 1 2*jgfig-r 

^tcii>\z^fS.m^'^y:^<^±TWRrsmmm<^4-D<Dm 

\zi-::><Dm^tiz:^v7.u-hcDWmt^mt:moML 
(Xg i , j, k. 1) Xd^e., cio:tf5X=i— hfrfs* 

Ma^iffiL-fe (xsm) „ :in\zmfr. j-v-fa^^-^ 
\z. m^nMx 1 iux<DA gTJft«ffi$^* (xs 

30 e' ) , (Xgf ) \.tz.mz. «^;*-y+XN 

i ;*«y=t^lKtSn/Pb^-;/*ag«:M-r (XSh* ) . 

6 cDx^^^xiS-s t c J: 0 mmm.=^ v -fn u x 

[0 0 0 6] 

Sjfi:;^j*x«. A*'jx37«#co4-proffi{cMbx. 
if^i^OilfeiB^ffittlf 1 2 ibxro^y^xrj- hcoEPBiJ 
Ji<DX@^«IO)ILXffV^, :y7X««l#tt?a:c!:^Jgb 
Xl^SOX, XgiC*t#<-*D. Sfc, :«f7X©*l#lt 

nx hXS5iaK<7)©ia*a«f S^i:;^>^'X#^c*^o;to 
[0 0 0 7] ^CX. *^?^tt±iBO=tc>/j:Ra«^* 
C5fc*{C-fe$tlfc%)(OT*0, Ife^^MSl 2 iLXCD 

:y5Xr3- h^il< LXfc, «^^-y4^tCj:-:3XA'UX 

'J X3' 5 ^1 i & ewi-r-s t)©xa& 

[0 0 0-8] 

50 [ais*w^-r«fci*<o^s] *f!i9c^^)ags^>y 



(3) 

3 

s^w* (s IMS) \z^^m^i^m^, ^mi&miz^ 
^^n^^m^^>mA^M2 ti^rcii^. io^(m 

1/M2) <5 0 0 0 0 t^E-SiaiC-rS. CtlfCi 

[0 0 0 9] Sfc, *l??g[i«^«)S^9^>y:;^A*ux^ 
gp«®*^#.L, fiS^#ttfc^tC. 
KRi^Si/^TSfrlElS#:*«l$L« Jn^TS d i tr J: o 
*B<) ±E(D J; -5 TitW^M^^ -y ^A* U X ^ 

20 

[0 0 10] 

i^m(o^m(^mm mat. *5£93(c*5tt^«gM5^ 

5':/yN*UX5'*ji^-r (a) mW.mil (b) Hfffl^T* 

(b) ^Hj&^e<offi« m^) ii^m'i:t>m&iz<Dm 

[0 0 11] 2^^^{-#-5iSSP««g3 (C^I/iT«, 30 

Ba#tttt»^^^S n/P b;*-y=^^M^^M-r (y<>y4^]^ 

[0 0 12] cl^l-Z?. Sl2itX0 2<£#M-r-5<»:, ^JS 

IStStB 4 U 1 © 4 -r^cD® D HiJ-J; 5 tc 

«fi^i-tfrs (s IMS) \z^^m^mm^^ /^ox^m 
i^KDmmi&miz^^n^^mL i ^fe«^jaNao-r 

:t>igl6*M 1 , mSf}^<bm^ 1 0 Mmlr-^Sn-S^JS 
L i Sfc«^SN aC0-1':t>?g^^M2 <kL;ti^l:. 
^l®^S-1':^>J@Sit (M1/M2) A^. 10^ (Ml 
/M2) <5 0 0 0 0 t/j:-5J;^(Cf -5. 

[0 0 13] c:ix'-'A-f:t>mm^^m(siMS) 

lZ-:>\,^xmMizm.m-t^o S I MS«*®)l*^?,Mm:t 

iBx:?=.;i'4^— (Sck e V~2 0 k e V) 50 



2 4 6 0 1 7 

4 

ro-f :t > bf- A @#:^B fC Rglt $ S t X A -y 

tc J; D Sti^«^1^^^75^ *ttJST S fc a-f * > i b TSf tti 

[0 0 14] nv:^:$'mi^ip^mzi&mLrz^mh i * 
N a « apwffi 2 s -ciija b i c: t ^ L 
<, SfcieiSfcs I MsiciOiffljSbfctc:^, 10m 

niJU±g)H/i <»: J: ^ Ttti£«^JS-f :t i ;^ 

[0 0 15] BI{t:M«>fii^5 4'fc^SL i Sfc«ifeJSN 

i ^/ttt^MNa*^*@^Lfctt^<i:;^£^TV^-5. ^M-f 
:t>mA<Ott (M1/M2) ^ 1 O^^if-SCttCj; 

titl 0^~l O^Q • cm:t— ) *^*# e)tX^) ®T. M. 

UO. -y+^CA*U;^^'aM*^e)«SlE/&^*SiEAL;^i 

n^'Z-mfim^^, sfc. ^m-i:t>m&it (mi/m 

2) ^5 0 0 0 0£i±i-rst-y— 5?KiRt»tE*t{g;nFb 

[0 0 1 6] m3-R.zsm4iztt^K ^¥tm\zm?> 
«li^5^>y:/A*'jx^<^8!iiftx@tria?g^^. EP 

mm^piy- hffi^fc.toTi^sB«a2 * i s^fe^jcsv^ 
h^f^gtrs (IS a) . mitw^^<^mmtLxit. 

m^itZnO^^f^L^iiL. Wl^^tl.X^±m. Co 
O, =:b^ (B, Al.Ga, In),Si>Cr,= 
am (K. Rb. Cs) . =am (Mg. Ca. Sr. 

Ba) m^mmLtzmn^m\/f^^tf)^x^^. ^tc. 
p^mmmuntvxiit. ^A«Ag-Pd. Aeua^ 

\zmm-r^o z.ti\zjiK)^yzf<DmikmmK)^^-sjmi:u 
^ (xsb) , Hc. z.np>^^^yzr\znv)vmm^n 

oT«»ftCJ;t>T-C€rfcA*iJ*ffirpfc (Xigc) ^. 
'J->5'-yy$«I^L (iSd) , «ffl5«®^m*. ^ 
#ltLTAgTife«ffi^0fiK-r^ (iSe, f) . iici 

^tc^m.<r):;f-'y^:Lnx^-y^ti^^^W,^^mUX 

$>n\,tm-&m^'S:m^t^z.iif)^x^^. 
[0 0 17] z.n\zm<'^m^WLmA<omiSLJMx\t. 

7;i£0±(C«ML. ^fc6 bfZlioT^iflLTl^jiaa 

-rs (x@g) . ::cn?^JSt£fficig8iLTl^i£tS[b^ 



5 

A (L isCOa) ■^^g!:^hU'^A (NazCOs) JJci: 
[0 0 18] «^(C. «M^-y + (Cj;oTN i ^^y^m 

[0 0 19] fl(rfECDJ;5tC^«|5«ffitt#lt (Ig f ) t 

^mi&mmmm (isg) i:*sij>5r©igi:-ri.ct(c 
[0 0 2 0] sfe. Maibfc^aofeft^SfcotiT 

[0 0 2 1] 

[0 0 2 2] {^mmi) mm<r>m3^u\zm4\z^ 

[0 0 2 3] dntCiKt^T, ^Jgief[)14 ^Jg^f^I 
^JStSftiSS i:LT^KU5^':7A (L i zC 
Oa) 1X1 0-*mo 1 /cm=Slc^|gJ6fcglBJl 

X^Sffl^SSaUT. Cltl^7 0 orCT IBtW. 1^ 

[0 0 2 4] g^c, I ^v^mm^\zx2~& 

T 3 ~ 5 /xmJSro S n / P b ^ <v ^MS:^fiRSi±Tm»i 
[0 0 2 5] i -f:t>m&it (M 1 /M 2 ) 

M 1 . 1 0 umizm^^^mh i'i:t>m 

mU2ii^—A-^:t>nm^Vim (SIMS) *ffltiT 

[0 0 2 6] A'UX^'^^*: 1 rta5(Ct£t5:b/i^SL i « 
rta5«@ 2 S TiUa b C i Tits S L < . ^ fclgIS tc 
S I MStCiO»!l5£b;fci;:^. l O /imUtJia5li<i:r: 

[0 0 2 7] ^i-siwms^ipijjett, ssapuss 



(4) mmW- 9-246017 

6 

nt^tzsb \z h'SL^mi^ g T * S , 
[0 0 2 8] m\Z. #tt±OAgC0fiJ^«. 2 5 OA. 
8/20Msec Ogijl-r >n)V7.mM^ 1 HSUP Lfc 
^tc/tU7.^«JEE*n 0%JU±^^t:L:fct)©*?FAi:L 

[0 0 2 9] 313 UT^e.nfcA'JXiJ'CO^aL i 
S'r*>igft*ii^bfc<i:Jl^. ^©Jt (M1/M2) 
10 ©■fSibT 1 0*tt#e.n;t. ^lOt^WSffiifi^CDSEft 
5©aSiffl*ii:^$-a:^5am (itffital. 2 7 
X 1 0=Q • cm) 1fln^nit(DX. hSriS 
<LTfc. n.n.:*-y^\z^^^y:f;'^^)7.^(D9\-m.^^ 

[0 0 3 0] 2 ) mm^mm i 

l^fflSSftSr^^TS 0 or, 9 0 or. 9 30 

r. looor. io7or. i o 9 ortbxsiii^ 

20 [0 0 3 1] JiE®f^MS^#lCJ:0, ^SL i O^JB 

-i^ym&it (M1/M2) «. -tti-e'nso. 50 

0, 1000. 5000. 30000. 49000 i;^: 

[0 0 3 2] z.n^\z^-ox^^m)5.m<om\tmmm.=i- 
5(Di&.m.m^+'>i\zn±-^'^^Wi^ (ttstn:2. 46x 
1 o^Q • cmut±) j5t#e.nfc. •M^-^'^^tc 

30 [0 0 3 3] (HiS^sj 3 ) tf|fa^M«aj 1 MtXtc^M^ 2 

©ig^^fr®^-^, ^mmmms^mm^}^^!^ (l i 

2CO3) !f»*/0^e.^^-^h'J>i7A (NaaCOa) 

[0 0 3 4] LT»e.nfcA*UX^©^SN a®^ 

m-i^yMit (M1/M2) *n ojiA±t^c-Dfc, ;i 

©SE^tMffiJK^ 5©»tn:«Srii^$-a:^^4m (Jtffitix 

1. 0 4 X 1 O^Q • cmUA±) *t#e)nfcOT. 

X:3-H**l<UTfc. •v + tcJ;«)^-y:/A'UX 

[0 0 3 5] {)mm 1 ) ^(riasisfi^sj i ro^hm^j 2 © 

^^ama^7 0 or^T. ^wm\z 

«500r<ii600r. IBcXSl 0 9 orjU-t. :»#:6<J{C 

«i 1 0 oribfei^^i-«±Tpi^#-ri&^. 
[0 0 3 6] mewnRfflaMao't'-^s 0 orRi/te 

0 0r©<t^(C«. ^PL i O^R-f :t>i8ajt (Ml 
/M2) /in3SS:t;^5 i/^cO 1 0*}^T*t?fc, ClOi: 
^. «ffijfi«^©iS{tS^«i^^5 0Sta{it^+5^(cii;*c$ 



(5) 



9-246017 



8 



^^ms-ti-^tc, mtc, mmmu&^^i i o o-ccDt^ 

^JSL i O^JS-1'^>S!SJt (M1/M2) 
0 0 0 0 fCilLfe. ^Mifi^CD®!^tM»!ia^ 

y^\Ziil,^^^y -fn 'J X :S' (D j^S^ A ttilA^ c , 

TUT L*l/V\' U XiS'**(D#tt«iE»$ tD^iA^o feo 
[0 0 3 7] (Jtfe^J 2 ) SflfHJtfe^sJ 1 CD 5 
^, ^«l!i;«Cig8^KKU5"<:7A (LiaCOa) m-^iJ' 

[0 0 3 8] cme.ro^MaMa^ott'trs 0 ccRijce 

OO-CO-h^fCtS, ^JSN a (O^S-r^ >jga it (Ml* 



10 



*/M2) *nRt^5i:;iO 1 0*«iT*ofc, ClOi: 

S;5n 1 0 O'COt^fClS. aC7)^JS-l':t>?Sa 
Jt (M 1 /M2) 5 0 0 0 0 fCjlbfc:. COt^, ^ 

*t T # O T , «m ^ IC *5 It -5 5^ U X 5' CD^ 

[0 0 3 9] JW±®ll»Oife»**i:i*fct)CD«;^l fc 

[0 0 4 0] 
[^1] 





L 1 


N ft 


















(X} 


(Q < en} 


i% ) 


i%) 


<Q • cm) 






70 


1.4 X10« 


0 


70 


1,4 X10* 


0 




60 


5.6 XIO' 


0 


60 


3.1 X10» 


0 


5 


40 


7.2 X10» 


0 


45 


e.s Jtio» 


0 


10 


0 


1.27K10' 


0 


0 


i.04no» 


0 


50 


0 


2.46](10" 


0 


0 


2.84X10* 


0 


500 


0 


5.7BX10" 


0 


Q 


8.23X10' 


0 


1000 


0 


8.36X10* 


0 


0 


fi. 23X10' 


0 


5000 


0 


8.76IHO' 


0 


0 


1.02X10* 


0 


3D0Q0 


0 


2.13J(10» 


0 


0 


3.21X10* 


0 


49DQ0 


0 


3.20X10^ 


0 


0 


2, 80X10' 


0 


50000 


0 


9.70x10^ 


5 


0 


8.92X10' 


8 



[0 0 4 1] i Sf::«^SNaO^JB'f:t>igS 

it (M1/M2) * 1 OJK±tf -SClttCJcoT, «ffl 

n-5©T, h^4«|< LTfe. «M^<v^fCJ: 

[0 0 4 2] mBe.^m'r^>mm(Ditf)^i o^m 

[0 0 4 3] z.<D^M*^<b. —A-(^>^m^mm (s 
IMS) \z^:bm^i^M^mzhx. mfE^m^^>m 

&<Oit (M 1 /M 2 ) Sr 1 0 ^ (Ml /M 2 ) < 5 0 0 50 



0 0 iirj.^<ko\zWLm-t^cii:A^m^V\^^:it-Am-:> 

[0 0 4 4] 

eg {C'^*:) ^ WS^^ >y ://\* u X r^' tt, ^ y :/A* u x ^' * 
N aSte«[$-ti--5c:t{Cj;-:3T. ^fe^^-^/^AU X^'5g 
^did^T^. **ntJi/\'UX^«ffij4^<DgE{tl6«(i^ 

hT-«aM5^-;/yA-UXiS'*ti«t-^^t*t-C^S. d 
CD fc® [Cf S C -S. 



(6) 



5¥ 9-246017 



^mmt (b) wfisia. 

(a) wtitmm^^<Dm^mt (b) sffi*^^©^i!t 

[0 3] 5^?!?g(c*3tt'5^Si£;«iffii&5^-r0. 
[04] *5S?BC*3ltS^S*£t!tX@^MM*55-r0. 
[0 5] ^^*^Jtri3^t•5«gS5^>yyA*UX^CD (a) 

P4^a0t (b) W®0= 

[0 6] ^^5t5^^^J^c^3^ts^J||^£ttxs^Jlla^^■r0. 
[|?#<osig^] 

1 : AU;^^'!^^ 



2 : m^nm 



4 

5 : mfbiei&^i^^ 

6 a : d •54^ 

6 b : ^tc 

7 : 

8 : i&m^mm 

9 : AUXiS'^ft: 



10 



1 0 
1 1 
1 2 



10 




[02] 



Cb) 



.1 
.3 
,2 



t 

m 

-r 



M1 



M2 




(a) 



Cb) 



10jum 



^m^9- 2 4 



6 0 17 



m4] 



me] 



X-fi fl Q Q fi Q Q<X 




i 

i 



< a ) ntm ( a ) 



(c) ytuypwJB (c) 



<d) SStlSL (d) 



[g|5] 




(a) 




<9} «93(r7?l3- h BiM. I£« (k) 



(h) :^m^37.o- hfam. Ki» (I) 



^?;(=]-h»j&a (m) 



i 



(b) 



